Objective: Low socioeconomic status (SES) is associated with many adverse health outcomes, including childhood overweight and obesity. However, little is understood about why some children defy this trend by maintaining a healthy weight despite living in obesogenic environments. The objective of this study is to test the hypothesis that the psychological strategy of ''shift-and-persist'' protects low-SES children from overweight and obesity. Shift-and-persist involves dealing with stressors by reframing them more positively while at the same time persisting in optimistic thoughts about the future. Design and Methods: Middle school children (N ¼ 1,523, ages 9-15) enrolled in a school-based obesity prevention trial completed health surveys and physical assessments. Multiple linear regression analysis was used to examine the role of SES, shift-and-persist strategies, and their interaction on BMI z-scores, while controlling for student race/ethnicity, gender, and reported diet and physical activity. Results: Among children reporting engaging in less frequent shift-and-persist strategies, lower SES was associated with significantly higher BMI z-scores (P < 0.05). However, among children reporting engaging in more frequent shift-and-persist strategies, there was no association of SES with BMI z-score (P ¼ 0.16), suggesting that shift-and-persist strategies may be protective against the association between SES and BMI. Conclusions: Interventions aimed at improving psychological resilience among children of low SES may provide a complementary approach to prevent childhood overweight and obesity among at-risk populations.
Objective: Low socioeconomic status (SES) is associated with many adverse health outcomes, including childhood overweight and obesity. However, little is understood about why some children defy this trend by maintaining a healthy weight despite living in obesogenic environments. The objective of this study is to test the hypothesis that the psychological strategy of ''shift-and-persist'' protects low-SES children from overweight and obesity. Shift-and-persist involves dealing with stressors by reframing them more positively while at the same time persisting in optimistic thoughts about the future. Design and Methods: Middle school children (N ¼ 1,523, ages 9-15) enrolled in a school-based obesity prevention trial completed health surveys and physical assessments. Multiple linear regression analysis was used to examine the role of SES, shift-and-persist strategies, and their interaction on BMI z-scores, while controlling for student race/ethnicity, gender, and reported diet and physical activity. Results: Among children reporting engaging in less frequent shift-and-persist strategies, lower SES was associated with significantly higher BMI z-scores (P < 0.05). However, among children reporting engaging in more frequent shift-and-persist strategies, there was no association of SES with BMI z-score (P ¼ 0.16), suggesting that shift-and-persist strategies may be protective against the association between SES and BMI. Conclusions: Interventions aimed at improving psychological resilience among children of low SES may provide a complementary approach to prevent childhood overweight and obesity among at-risk populations. Nearly one-third of US children ages 2-19 are overweight (BMI ! 85th and <95th percentile) or obese (BMI ! 95th percentile), with higher prevalence among Black and Latino children (1) and those of low socioeconomic status (SES) (2) (3) (4) (5) . Children from low-SES and disadvantaged backgrounds are more likely to live in ''obesogenic environments'' that promote sedentary lifestyles and consumption of energy-dense foods (6) . For example, those living in obesogenic environments tend to lack access to safe outdoor recreational facilities and full supermarkets that sell a variety of foods (as opposed to small grocery stores) (6, 7) . Additionally, living in a low-SES environment is associated with experiencing more psychosocial stressors, for example, crowding and violence (8) , which are in turn linked to the development of childhood obesity (9) .
Despite its elevation as a national priority, interventions aimed at preventing and treating childhood obesity have had only modest success (7, (10) (11) (12) . Many of the strategies to prevent and treat childhood obesity have focused on elucidating behavioral risk factors for becoming overweight/obese (e.g. screen time, sugar-sweetened beverage consumption, sedentary behavior) (11) and implementing interventions to reduce these risks (12) . A complementary or alternative approach may be to leverage protective factors some children inherently possess that allow them to maintain a healthy weight despite living in low-SES, obesogenic environments.
Chen and colleagues have documented one such protective psychological factor, ''shift-and-persist,'' in their exploration of protective factors among low-SES individuals (13) (14) (15) . They posit that low-SES individuals who are able to develop an approach to life that prioritizes shifting, accepting stress and adapting the self through reappraisals, in combination with persisting, sustaining meaning and optimism about the future, may be protected from some of the negative health effects of low SES and therefore are likely to have better health outcomes than low-SES individuals who do not have these strategies. In a study of over 100 children diagnosed with asthma, engaging in more shift-and-persist strategies was associated with better asthma outcomes for low-SES children. Among low-SES children with asthma, those who reported engaging in more shift-and-persist strategies had fewer baseline biological markers of inflammation and less asthma impairment (reduced rescue inhaler use and fewer school absences) at 6 months, compared to low-SES children who did not report engaging in shift-and-persist strategies. Furthermore, the asthma profiles of low-SES children who were high in shift-and-persist resembled those of high-SES children, indicating that these resilience strategies were able to buffer the negative effects of low SES on asthma (13). Chen and colleagues found a similar protective health effect of shift-and-persist strategies for low-SES individuals in a study of allostatic load and SES (14) . Allostatic load refers to the physiologic wear and tear that results from exposure to chronic stressors (16) . Using a national sample of 1,207 adults, Chen and colleagues found that among adults from a low-SES background, those who reported the highest levels of shift-and-persist strategies had the lowest allostatic load scores (14) . In contrast, there was no benefit of shift-and-persist among adults who came from high childhood socioeconomic backgrounds.
Chen and Miller proposed that shift-and-persist strategies are protective for health because they alter stress-physiology pathways. That is, shift-and-persist strategies mitigate perceptions of stress, thereby reducing acute activation of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS) (15) . Over time, diminished stress reactivity leads to reductions in longer term pathogenic processes, such as systemic inflammation, high blood pressure, and insulin resistance. Shift-and-persist strategies may be particularly adaptive in low-SES contexts where limited resources may make alternative approaches, such as proactive efforts to eliminate stressors, challenging and frustrating. Since chronic activation of the HPA axis has been linked with dysregulation of metabolism and the development of obesity (8, 15) , shift-and-persist strategies that decrease the stress response may also protect against obesity.
The objective of the present study was to test whether shift-and-persist strategies are protective against the association between low-SES and overweight and obesity among children. We hypothesized that low-SES (measured by eligibility for free or reduced-price lunch) would be associated with higher BMI z-scores for children low in shift-and-persist strategies, but would have no association with BMI-z scores for children high in shift-in-persist strategies.
Methods

Study participants
Data came from a study conducted by CARE -Community Alliance for Research and Engagement at the Yale School of Public Health in partnership with the Rudd Center on Food Policy and Obesity, and the New Haven Public Schools (17) . Participants included 1,655 students from grades 5, 7, and 8 from twelve K-8 (kindergarten through grade 8) schools that were randomly selected from the 27 K-8 schools in the district. For the fifth grade cohort, baseline data were collected as part of a larger longitudinal study and for the seventh and eighth grade cohort, follow-up data were collected as part of a separate study. All data collection methods and procedures were identical in the two cohorts of students. Participants represent 85.5% of all eligible children. Those not included were either absent from school during study administration (6.8%) or had parents who requested that they not participate (7.7%). The analytic sample for this study included 1,523 students. Students were excluded if they were missing measures of height and weight (n¼4), or missing sociodemographic data from school records (n¼128). All procedures were approved by the Yale University Human Subjects Committee and the Board of Education. Parental consent and child assent were obtained for all participants in English or Spanish.
Data collection and measurement
Protocol. Physical measurements were obtained by trained research assistants and were based on the World Health Organization Expanded STEPS protocol (18) . Measures were taken privately and recorded with only school-assigned identification numbers to enable data linkage. A standardized stadiometer (Charder Electronic Co., LTD, Taichung City, Taiwan) and digital scale (Seca Corp., Hamburg, Germany) were used to measure height and weight, respectively. Student surveys were administered online (Surveymonkey.-com, LLC; Palo Alto, CA, USA) via desktop computers during regularly scheduled computer classes. To take into account participants' differing levels of literacy, trained research staff read all questions and responses aloud to the class while students read the survey and entered responses on their computer. Survey administration took approximately 30 min, and a water bottle was given to each child who participated as compensation.
Measures
Primary Outcome: Physical Assessments. Body mass index was calculated using height and weight. Age-and gender-adjusted BMI z-scores were determined for each student based on guidelines established by the Centers for Disease Control and Prevention (19) .
Primary Independent Variables: Shift and Persist Strategies.
Given limitations in survey duration to comply with the time available during a classroom period, a shortened five-item version of the shift-and-persist measurement (13, 14) was used. The three ''shift'' items were selected from the Responses to Stress questionnaire (20) , a validated measure of coping for use in children ages 11-18. Items were taken from the subscales of cognitive restructuring (''I think about the things I can learn from a situation, or about some thing good that can come from it''), positive thinking (''I tell myself that everything will be all right''), and emotion regulation (''I do something to calm myself down''). Two ''persist'' questions were used: one from the Resilience Inventory (21), a validated measure for children that taps optimism (''I think that things will get better in the future''), and one from the Purpose in Life Scale (22) , a version of the commonly used Purpose in Life Test that has been validated in adolescents (''I feel my life has a sense of purpose''). Responses were on a 4-point Likert-type scale (ranging from ''not at all'' to ''a lot''). Responses to the shift-and-persist measures were summed to create a total shift-and-persist score ranging from 0 to 20. Higher scores indicate reporting the use of more shift-and-persist strategies.
Socioeconomic status. Data from school district records on students' qualification for the free and reduced-price school lunch program were used as the indicator of SES. Low SES was defined as Obesity Shift-and-persist and BMI Kallem et al.
eligibility for free or reduced-price lunch, while higher SES was defined as being ineligible for these programs.
Control variables
Healthy and unhealthy eating. Students were asked questions regarding whether they ate certain foods yesterday. We summed responses to three healthy food items (fruit, vegetables, salad) into an additive ''healthy eating index'' ranging from 0 to 3, with three representing the healthiest eating. Similarly, we summed responses to five unhealthy food items (french fries, fried chicken, candy, ice cream, sweets) into an additive ''unhealthy eating index'' ranging from 0 to 5, with five representing the unhealthiest eating.
Physical activity. Based on CDC physical activity recommendations that children exercise for at least 60 minutes a day, students reported the number of days in the past week that they did physical activity for 60 minutes or more (23, 24) .
Statistical analysis
Descriptive statistics were calculated for all study variables. To test a priori hypotheses regarding the potential differential association of SES with BMI by level of shift-and-persist, multiple linear regression analyses were conducted. BMI z-score was the primary outcome. Primary independent variables included the main effect of shift-and-persist strategies, main effect of SES, and the interaction between shift-and-persist and SES. Including the interaction term allowed us to test the hypothesis that low-SES would be associated with higher BMI z-scores for those low in shift-and-persist strategies, but not those high in shift-and-persist strategies. Tests of interactions were conducted according to the recommendations of Aiken and West (25) , whereby variables are first centered and then the interaction is calculated as the product of the two variables. The model adjusted for sex, race/ethnicity, healthy and unhealthy eating indices and physical activity. The latter two measures of diet and physical activity behaviors were included as additional covariates in order to determine whether the relationship between shift and persist and BMI z-scores existed even after accounting for variations in health behaviors. Statistical analyses were performed using SPSS Version 20.0.0.
Results
Description of study participants
The final sample included 1,523 children ages 9-15 years (Table 1) . Reflecting school district demographics, Black and Latino students were well represented, making up over 85% of the sample. There was a high prevalence of overweight (20.2%) and an even higher prevalence of obesity (27.4%), together accounting for nearly onehalf of the entire sample. Table 2 presents the results of the multiple regression analysis for BMI z-score. After adjusting for sex, race/ethnicity, healthy and unhealthy eating indices, and physical activity, there were no statistically significant main effects for either SES or shift-and-persist strategies on BMI z-score. There was, however, a significant interaction of SES with the shift-and-persist score (P < 0.05). We then conducted follow-up regression analyses with all the same controls, examining the association between SES and BMI z-scores for those high and low in shift-and-persist strategies separately (split at the mean score). In these analyses, low SES was significantly associated with higher BMI z-score among those low in shift-and-persist strategies (b ¼ .09, P ¼ .036), but not for those high in shift-and-persist strategies (b ¼ -.05, P ¼ .158). Figure 1 depicts this interaction graphically.
Linear regression analysis
Discussion
The results confirmed our hypothesis that low-SES children with psychological resilience, as defined by reporting more frequent shift-and-persist strategies, were protected against the association of low-SES with higher BMI. Low SES was significantly associated with higher BMI z-scores among children reporting lower shift-andpersist strategies. However, low SES had no association with BMI z-scores among those who had higher shift-and-persist strategies. As proposed by Chen et al (15) , shifting (working to reinterpret stressors in a more positive light) and persisting (maintaining optimism about the future) may be protective against the negative health impact of low-SES settings where, on average, individuals experience more frequent uncontrollable stressors (26) . Findings are consistent with prior research on shift-and-persist strategies by Chen et al. which found that shift-and-persist strategies were protective against severity of asthma in low-SES children (13) and allostatic load in low-SES adults (14) . This study is the first to show such a relationship between shift-and-persist strategies and BMI.
We hypothesize that shift-and-persist strategies influence BMI by enabling children to be less reactive to stressors, which in turn decreases the activation of their HPA axis and sympathetic nervous system. Since chronic activation of the HPA axis and SNS has been linked to the accumulation of visceral fat, insulin resistance, and dysregulation of metabolism, decreasing their activation will be beneficial in preventing the development of many chronic diseases, including obesity (15, 27) . The strategies of shift-and-persist may be particularly adaptive in low-SES settings where limited resources may prevent children from taking active steps to eliminate stressors. Instead, strategies such as shift-and-persist, which involve reframing one's perception of stressors, may be more beneficial. Alternatively, shift-and-persist may affect BMI by decreasing perception of stress and therefore reducing children's stress-eating.
Our work has important implications for efforts to reduce the prevalence of overweight and obesity among children of low SES. We identified psychological qualities of resilience that seem to protect children from the adverse impact of low-SES on BMI. It is important to determine whether shift-and-persist strategies can be learned. If so, they may be taught to low-SES children to protect them against weight gain and other negative health outcomes. The beneficial effects of shift-and-persist strategies may be helpful to children of all weight categories because children's risk of most co-morbidities of overweight and obesity increase continuously with BMI zscore even if they are considered to be at a healthy weight (28) .
Interventions that promote psychological resiliency have been successful in diverse settings, including preventing depression (29, 30) and improving coping skills when being bullied (31) . Future studies should examine if such interventions are effective in the prevention of overweight and obesity among low-SES children.
There are several limitations of the present study. Our measure of SES was whether students qualified for free or reduced price lunch. Although this measure is often used in the education literature, it has also come under criticism as a restricted way to assess family SES (32) . Unfortunately, the school district collects only limited family demographic information and young children could not reasonably be expected to accurately answer questions regarding parent's educational attainment or income. Second, our study was cross-sectional in design; therefore, temporal order cannot be determined. In contrast, this study was strengthened by its large sample size and the objective measure of BMI. Furthermore, we take a novel approach of examining a protective rather than risk factor for obesity among low-SES children, and this factor may be amenable to future intervention.
In sum, shift-and-persist strategies protect children from the negative association of low SES with higher BMI. Interventions aimed at promoting psychological resilience and shift-and-persist strategies in low-SES children represent a novel approach that should be added to the arsenal of interventions used to prevent childhood overweight and obesity.O
